ALARM DEVICE FOR INTERNAL PRESSURE OF TIRE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an improvement of an alarm device 
for internal pressure of a tire, the alarm device monitoring a state of air pressure 
of each tire mounted on a body of a vehicle and notifying abnormalities of the 
internal pressure to a driver when the main switch of the vehicle is off or the 
vehicle stops. 

2. Description of the Related Art 

[0002] Traditionally, such an alarm device has been proposed. In the alarm 
device, a transmitting-side module is provided inside of the tire, the transmitting- 
side module comprising; a sensor unit having at least a pressure sensor for 
detecting the internal pressure of the tire and tire rotational-movement detecting 
means for detecting a rotational movement of said tire (such as a centrifugal 
force sensor); a signal-processing unit for processing signals detected at the 
pressure sensor and the tire rotational-movement detecting means; a transmitting 
unit for transmitting a tire internal-pressure information signal with a first 
duration through a transmitting antenna, the tire internal-pressure information 
signal having a tire internal-pressure data generated in and output from the signal- 
processing unit based on a detection signal from the pressure sensor; and a power 
supply for supplying an electric power to the sensor unit, the signal-processing 
unit and the transmitting unit; and a receiving-side module is provided at a vehicle 
side, the receiving-side module comprising; a receiving unit for receiving the tire 
internal-pressure information signal wireless transmitted from the transmitting 
antenna of the transmitting unit; and a signal-processing unit for processing tire 
internal-pressure data supplied from the receiving unit and outputting an alarm 
signal (see page 1 and FIG. 1 of JP-A-2001-80321, for example). 
[0003] FIG. 1 is a diagrammatic cross-sectional view showing a state where 
the transmitting-side module of such an alarm device is mounted on a tire rim. 
This example of a transmitting-side module 1 is attached to a well section side 5 
of a rim 4, integrally with a cylindrical valve device 3 for applying internal 
pressure to a tire 2. In this way, the transmitting-side module 1 is arranged as 
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close as possible to an outer peripheral surface of a well section bottom 6 within 
the well section of the rim, so as not to interfere with the tire 2 when mounting 
the tire 2 onto the rim 4. 

[0004] A transmitting antenna built-in the transmitting-side module 1 
transmits the tire internal-pressure information signal. A receiving antenna is 
provided at a body side of a vehicle and receives the tire internal-pressure 
information signal. The tire internal-pressure information signal received by the 
receiving antenna is processed by the signal-processing unit. When 
abnormalities of the internal pressure of the tire exist, an alarm signal is 
generated. The abnormalities of the internal pressure of the tire are informed to 
the driver by the alarm signal (for example, by turning on an alarm lamp). 
[0005] While the sensor unit of the transmitting-side module 1 arranged 
inside the rim 4 is provided with the pressure sensor and centrifugal force sensor 
as described above, in some cases, the sensor unit is also provided with: a 
temperature sensor for confirming that the operating temperatures of the above 
sensors are within predetermined ranges, respectively; and/or a voltage sensor for 
confirming that the voltage of the electric-power source is not less than a 
predetermined level. FIG. 1 shows a pressure sensor (the reference numeral 
thereof is not shown) among such sensors. These sensors typically consist of 
semiconductor sensors requiring electric power for operation. Further, the 
electric power is also consumed in the signal-processing unit and transmitting 
unit, for example. As a result, a large amount of electric power of the electric- 
power source is consumed and thus a life of the electric-power source is reduced 
if the electric power is always supplied to these sensor unit, signal-processing 
unit and transmitting unit. It is necessary to consume the electric power as 
small as possible because the electric-power source of the transmitting-side 
module 1 consists of a battery (not shown) and it is not easy to exchange the old 
battery with new one. 

[0006] It has been proposed to drive the transmitting-side module inter- 
mittently in order to reduce the electric power consumption therein. Normally, 
since the change of the internal pressure of the tire does not occur rapidly, it is 
not necessary to transmit the tire internal-pressure information signal frequently 
and thus it is possible to reduce the electric power consumption by transmitting 
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the tire internal-pressure information signal from the transmitting-side module to 
the receiving-side module at intervals of 60 seconds, for example. 
[0007] On the other hand, the receiving-side module provided at the body 
side of the vehicle is powered from a battery mounted on the vehicle. Therefore, 
the disadvantage of the electric power consumption is not so severe as the 
transmitting-side module. However, there is a tendency to increase the number 
of electrical equipments and thus it is not preferable to keep the receiving-side 
module on when the vehicle stops. As a result, it has been proposed to keep the 
receiving-side module off entirely when the vehicle stops. However, for 
example, when the tire has picked up a nail, the internal pressure reduces 
gradually and thus the internal pressure does not reduce to a certain value during 
the moving of the vehicle but reduces to a certain value at the long time stop of 
the vehicle. 

[0008] In this case, if it is impossible to monitor the internal pressure when 
the receiving side module keeps off, the vehicle may restart with a low internal 
pressure of the tire. It is necessary to avoid the movement of the vehicle with 
the low internal-pressure of the tire as much as possible because the tire may be 
damaged frequently and considerably even if the movement of the vehicle is very 
short. Of course, although the operation of an apparatus for monitoring the 
internal pressure of the tire is started by turning on the main switch at the start of 
the vehicle, the vehicle may start before starting of the operation of the apparatus 
because the considerable reduction of the internal pressure of the tire is not 
represented immediately. Therefore, it is desirable to detect the internal 
pressure of the tire by the transmitting-side module even when the vehicle stops, 
transmit the information obtained from the detection of the internal pressure of 
the tire to the receiving-side module and to monitor the internal pressure of the 
tire constantly. 

[0009] In this way, it is desirable to reduce the electric power consumption 
by driving the transmitting-side module and receiving-side module intermittently 
if the monitoring of the internal-pressure of the tire is performed even when the 
vehicle stops. However, it is impossible to synchronize the transmitting-side 
module and receiving-side module with each other and thus there is a 
disadvantage that the tire internal pressure information signal transmitted from 
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the transmitting side module may be received by the receiving side module with 
a reliability. In order to improve the probability of receipt of the tire internal 
pressure data included in the tire internal-pressure information signal, it is 
conceivable to reduce the intervals of intermittent operations of the receiving 
side module. However, it is impossible to reduce the electric power 
consumption of the receiving side module effectively by the reduction of the 
intervals of intermittent operations of the receiving side module. 
[0010] 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to provide an alarm 
device for internal pressure of a tire capable of effectively reducing an electric 
power consumption of a receiving side module in a manner to allow reliable 
receipt of tire internal pressure data by driving a transmitting-side module and 
the receiving-side module intermittently even when the vehicle stops, without 
reducing intervals of intermittent operations of the receiving side module. 
[0011] To achieve the above object, the present invention provides an alarm 
device for internal pressure of a tire, wherein a transmitting-side module is 
provided inside of the tire, the transmitting-side module comprising; a sensor unit 
having at least a pressure sensor for detecting the internal pressure of the tire and 
tire rotational-movement detecting means for detecting a rotational movement of 
the tire; a signal-processing unit for processing signals detected at the pressure 
sensor and the tire rotational-movement detecting means; a transmitting unit for 
transmitting a tire internal-pressure information signal with a first duration 
through a transmitting antenna, the tire internal-pressure information signal 
having a tire internal-pressure data generated in and output from the signal- 
processing unit based on a detection signal from the pressure sensor; and a power 
supply for supplying an electric power to the sensor unit, the signal-processing 
unit and the transmitting unit; and a receiving-side module is provided at a 
vehicle side, the receiving-side module comprising; a receiving unit for receiving 
the tire internal-pressure information signal wireless transmitted from the 
transmitting antenna of the transmitting unit; and a signal-processing unit for 
processing tire internal-pressure data supplied from the receiving unit and 
outputting an alarm signal; 
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characterized in that the sensor unit is operated based on a first timing 
signal with a first interval: 

(a) if there is no second timing signal with a second interval longer than the 
first interval: 

(a-1) when the device judges a moving of a vehicle based on a signal 
from the tire rotational-movement detecting means, a tire internal-pressure 
information signal is transmitted, the signal having the tire internal-pressure data 
with a start bit; and 

(a-2) when the device judges a non-moving of the vehicle, the 
transmission of the tire internal-pressure information signal is stopped; and 

(b) if there is the second timing signal: 

(b-1) when the device judges the moving of the vehicle, the tire 
internal-pressure information signal is transmitted; and 

(b-2) when the device judges a non-moving of the vehicle, N pieces of 
tire internal-pressure information signals are transmitted at third intervals (N is a 
natural number not less than 2), each tire internal-pressure information signal 
having the tire internal-pressure data with the start bit; and 

wherein when a main switch of the vehicle is on, the receiving-side module 
is always in an operating state, and 

when the main switch is off, the receiving-side module is operated 
intermittently at fourth intervals, each forth interval is shorter than (N-l) times of 
the third interval, such that a second duration for operation of the receiving-side 
module is longer than the third interval. 

[0012] According to the alarm device of the present invention, the transmitt- 
ing side module detects the internal pressure of the tire based on the first timing 
signal, regardless of the moving or stopping of the vehicle such that the trans- 
mitting side module transmits the tire internal-pressure information signal of a 
normal format if there is no second timing signal and when the alarm device 
judges the moving of the vehicle or if there is the second timing signal and when 
the alarm device judges the moving of the vehicle. However, the transmitting- 
side module transmits N pieces of tire internal pressure information signals, each 
tire internal pressure information signal having the tire internal pressure data 
with the start bit at third intervals if there is the second timing signal and when 
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the alarm device judges the moving of the vehicle. On the other hand, since the 
receiving side module is always in the operating state when the main switch of 
the vehicle is on, the receiving side module can receive the tire internal-pressure 
information signal with a reliability whenever the start bit is transmitted. Also, 
when the main switch of the vehicle is off, the receiving side module is operated 
intermittently at fourth intervals, each forth interval is shorter than (N-l) times 
the third interval, if there is the second timing signal and when the alarm device 
judges the stopping of the vehicle such that the second duration for operation of 
the receiving side module is longer than the third interval. Thereby, the 
receiving side module is an operating state at some timing in the time period for 
transmission of the start bit without failure, so that the start bit transmitted from 
the transmitting side module can be captured with a reliability. This allows the 
tire internal pressure data following the start bit to be received without failure. 
In this way, the receiving side module is driven intermittently when the main 
switch of the vehicle is off and thus it is possible to reduce the electric power 
consumption, reduce a load on an in-vehicle battery, and receive the tire internal- 
pressure information signal with a reliability. 

[0013] Note that when the alarm device judges the non-moving of the device 
and an engine of the vehicle stops though the main switch is on, the receiving 
side module may be operated intermittently similar with the situation where the 
main switch is off instead of constant operation of the receiving-side module. . 
Such a case as described above should be included within the scope of the 
present invention. 

[0014] In the present specification, the first timing signal is a signal to 
determine a timing of measurement (such as pressure measurement), such that 
the timing during the moving of the vehicle is determined by transmitting the 
signal at intervals, each interval is several times (such as 6 times) of the interval 
of the first timing signal if there is no second timing signal. The second timing 
signal serves as a signal for determining the transmission timing of the tire 
internal pressure information signal when the vehicle stops. 
[0015] In the present invention, the transmitting side module judges the 
moving and stopping of the vehicle based on the detection signal from the tire 
rotational movement detecting means. However, the term "the moving of the 
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vehicle" means not only a situation where the vehicle is actually moving at the 
time of judgment, but also a situation where the vehicle moves and stops 
repeatedly such as in a city area. Thus, the term "the stopping of the vehicle" 
means not only a situation where the vehicle actually stops at the time of 
judgment but also a situation where the vehicle has stopped for a certain time. 
[0016] Further, by determining the third interval based on the average 
electric field strength of the tire internal pressure information signal, it is 
possible to restrict the average electric field strength of the signal. 
[0017] Preferably, if there is no second timing signal and when the device 
judges the moving of the vehicle, the transmission of the tire internal pressure 
information signal is performed at fifth intervals, each fifth interval is longer 
than the first interval and shorter than the second interval. It is preferable to 
take such a constitution from a standpoint for reducing the consumption of 
electric power of the transmitting side module. 
[0018] 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagrammatic cross-sectional view of a construction of a 

transmitting-side module of an alarm device for internal pressure of a tire, 

installed at a tire side; 

FIG. 2 is a block diagram of a construction of an alarm device for 

internal pressure of a tire according to a first embodiment of the present 

invention; 

FIG. 3 is a flowchart of operations of an alarm device for internal 
pressure of a tire; and 

FIGS 4A to 4D are signal waveform diagrams showing the operations 
of an alarm device for internal pressure of a tire. 
[0019] 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

There is described hereinafter an alarm device for internal pressure of 
a tire according to the present invention in detail, with reference to the drawings. 

FIG. 2 is a schematic block diagram of a whole construction of the alarm 
device according to the present invention. The alarm device comprises a 
transmitting side module 11 provided at a tire side, and a receiving side module 
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31 provided at a vehicle side. The transmitting side module 11 has the same 
external appearance as the conventional module shown in FIG. 1, and consists of: 
a sensor unit 12; a signal processing unit 13; a transmitting unit 14; and an 
electric power source 15 composed of a battery for supplying electric power to 
these units. 

[0020] In the sensor unit 12, a pressure sensor 21 for detecting internal 
pressure of the tire; a centrifugal force sensor 22 acting as tire rotational 
movement detecting means for detecting a rotational movement of the tire; a 
temperature sensor 23 for detecting the temperature of the sensor unit; and a 
voltage sensor 24 for detecting an output voltage of the electric power source 15 
are provided. These sensors consist of semiconductor elements, respectively, 
and thus it is necessary to supply electric power to the sensors from the electric 
power source 15 so as to operate them. 

[0021] The signal processing unit 13 has functions to: control the driven state 
of the sensor unit 12; process various signals supplied from the sensor unit 12 to 
generate a tire internal pressure data; and generate a tire internal pressure informa- 
tion signal in a predetermined format including the tire internal pressure data; and 
the details thereof are described later. The transmitting unit 14 with a built-in a 
transmitting antenna 25, the antenna 25 transmitting the tire internal-pressure 
information signal output from the signal-processing unit 13, is supplied with 
electric power from the electric-power source 15 similar to the sensor unit 12 and 
signal-processing unit 13. Although these sensor unit 12, signal-processing unit 
13 and transmitting unit 14 consist of an integrally structured semiconductor chip, 
these units may alternatively consist of combined discrete parts. 
[0022] The receiving side module 31 has: a receiving unit 33 for receiving, 
by a receiving antenna 32, the tire internal pressure information signal 
transmitted from the transmitting antenna 25 provided in the transmitting unit 14 
of the transmitting side module 11, thereby processing the signal in a usual 
manner and outputting a receipt signal; and a signal processing unit 34 for 
receiving the receipt signal and for outputting a tire internal pressure abnormality 
signal upon sensing abnormalities in the internal pressure of the tire. The tire 
internal pressure abnormality signal output from the signal processing unit 34 is 
supplied to a display device 35 arranged at a position easily visible from a 
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driver's seat in the vehicle, thereby displaying the state of the internal pressure of 
the tire. For example, it is possible to utilize a front panel for a driver's seat, as 
the display device 35. 

[0023] The signal processing unit 13 of the transmitting side module 11 
generates first timing signals at first intervals such as 10 seconds, and drives the 
sensor unit 12 based on the first timing signals. Thus, the pressure sensor 21, 
centrifugal force sensor 22, temperature sensor 23 and voltage sensor 24 
provided in the sensor unit 12 detect respective physical quantities at intervals of 
10 seconds, and this interval of 10 seconds corresponds to that for the first timing 
signal. It is possible to reduce the power consumption remarkably compared 
with a situation where the sensors operate constantly, though it is necessary to 
take a certain time period such as 30 ms by the time point of stabilization of the 
outputs of all of the sensors 21 to 24 upon measuring by these sensors. Further, 
the signal processing unit 13 also generates second timing signals at second 
intervals much longer than the intervals for the above-mentioned first timing 
signals. Such a second interval may be as long as 60 minutes, for example. 
[0024] The pressure sensor 21, the centrifugal force sensor 22, the 
temperature sensor 23 and the voltage sensor 24 of the sensor unit 12 output a 
pressure signal, centrifugal force signal, temperature signal and voltage signal, 
respectively, which are supplied to the signal-processing unit 13, and this signal- 
processing unit 13 processes these detection signals in accordance with a 
predetermined algorithm, thereby obtaining values of the tire internal-pressure, 
the centrifugal force, the temperature, and the output voltage value of the 
electric-power source 15. Here, the values of the temperature and the voltage 
are obtained to confirm whether these values are within a temperature range and 
a voltage range for allowing suitable operation of the applicable sensors 
composed of semiconductor elements, respectively. Hereinafter, it is assumed 
that the temperature and the voltage are within predetermined ranges, 
respectively, for the convenience of the explanation. 

[0025] In the present invention, since an operation mode of the transmitting 
side mode 11 when the alarm device judges the moving of the vehicle is different 
from that when the alarm device judges the stopping of the vehicle, the trans- 
mitting side module 11 judges the vehicle state by processing the centrifugal 
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force value output from the centrifugal force sensor 22. Namely, although the 
tires rotates when the vehicle moves and thus the centrifugal force is generated, 
the tires do not rotate when the vehicle stops and thus the centrifugal force is not 
generated. Therefore, it is possible to judge the moving state of the vehicle by 
measuring the centrifugal force. Note that since it is advantageous to judge that 
the vehicle moves when the moving and the stopping of the vehicle are repeated 
frequently such as in a situation where the vehicle moves on the congested road, 
the alarm device judges that the vehicle is in a stopping state such as when the 
centrifugal force is not detected continuously over a considerably long period. 
[0026] FIG. 3 is a flowchart of a transmitting operation depending on the 
vehicle state. As described above, the sensor unit 12 performs measurements 
based on the first timing signals at first intervals (10 seconds). Firstly, in step 
SI, the pressure is measured, and in step S2, the signal-processing unit 13 judges 
whether the measured tire internal pressure is abnormal or not. In this 
embodiment, the tire internal pressure data representing abnormalities in the tire 
internal-pressure is generated when the measured tire internal pressure is judged 
to be lower than a predetermined pressure. Otherwise, the tire internal pressure 
is not generated and transmitted. Meanwhile, the centrifugal force is measured 
at the next step S3 only when the measured tire internal pressure is lower than 
the predetermined pressure and thus the tire internal pressure data is generated. 
Further, in step S4, the alarm device judges whether the above-mentioned second 
timing signal exists or not. 

[0027] Here, assuming that no second timing signal exists, in step S5, the 
alarm device judges whether the vehicle moves or not. If the alarm device 
judges that the vehicle does not move, i.e., the vehicle is in a stopping state in 
step S5, the tire internal pressure information signal is not transmitted. 
[0028] On the other hand, when it is judged that the vehicle moves, a count 
value "n" of a counter (not shown) is incremented by 1 in step S6, and it is judged 
whether the count value "n" reaches 6 or not in step S7. When the count value 
"n" reaches 6, the tire internal pressure information signal is transmitted in the 
next step S8, and the counted value "n" is reset to zero at the next step S9 and 
then this routine is terminated. If the count value "n" of the counter reaches 6, 
this routine is terminated. That is, the tire internal pressure information signal 
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in this embodiment is transmitted, not in a manner that the tire internal pressure 
information signals to be obtained at first intervals of 10 seconds are transmitted 
each time, but in a manner that the tire internal pressure information signals each 
having a tire internal pressure data with a start bit to be explained later are trans- 
mitted at intervals of 1 minute each of which is 6 times of the interval of the first 
timing signal. Thus, the tire internal pressure information signal is transmitted 
once per 6 times of the tire internal pressure collecting operations. Generally, it 
is enough to transmit the tire internal pressure information to the receiving side 
module 31 at intervals of 1 minute because the internal pressure of the tire is not 
so suddenly changed. However, the internal pressure of the tire is measured 
herein at shorter intervals of 10 seconds, and the tire internal-pressure information 
signal is immediately transmitted when the internal pressure of the tire is suddenly 
reduced, so as to cope with a situation of a sudden reduction of the internal 
pressure of the tire. However, this is not the essential point of the present 
invention, and thus the detailed explanation thereof is not provided any more. 
[0029] FIG. 4A shows a format of the tire internal-pressure information 
signal when it is transmitted from the transmitting antenna 25 of the transmitting 
unit 14. In this case, the tire internal-pressure information signal consists of: a 
tire internal-pressure data; a start bit(s) added to the head the tire internal- 
pressure data; and a stop bit(s) added to the end of the tire internal-pressure data. 
[0030] Since the transmitting side module 11 arranged at the tire side is not 
synchronized with the receiving side module 31 arranged at the vehicle side, the 
start bit is provided at the head of the tire internal pressure information signal 
such that the synchronization is established upon detecting the start bit by the 
receiving side module 31. Thus, upon detecting the start bit by the receiving 
side module 31, the tire internal pressure data following the start bit can be 
fetched. The stop bit represents the termination of the tire internal-pressure data. 
In this embodiment, the time period Tr for addition of the start bit, time period 
Td for duration of the tire internal pressure data, and time period Ts for addition 
of the stop bit are set to be 1.8 ms, 8 ms and 0.2 ms, respectively. This results 
in a duration Tl of 10 ms for the tire internal pressure information signal. 
[0031] While the main switch of the vehicle is on, the receiving side module 
31 is always in an operating state. Thus, the start bit added at the head of the 
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tire internal pressure information signal from the transmitting side module 11 is 
detected and the tire internal-pressure data following it can be precisely fetched 
by the receiving side module 31, no matter what timing the tire internal-pressure 
information signal is transmitted at. 

[0032] Incidentally, it is judged whether the vehicle moves or not in step S10 
when the above-mentioned second timing signal exists in step S4 in FIG. 3. 
The flow proceeds to step S6 when it is judged that the vehicle moves. 
[0033] FIG. 4B shows an operating situation of the transmitting side module 
11 when no second timing signal exists and the vehicle moves. In this case, the 
tire internal pressure information signal of the format shown in FIG. 4A is 
transmitted at intervals P5 (such as 1 minute) corresponding to 6 times the 
interval PI (such as 10 seconds) for the first timing signal. 

[0034] FIG. 4C shows an operating situation of the transmitting side module 
11 when the second timing signal exists. In this case, the tire internal pressure 
information signal of the format shown in FIG. 4A is transmitted at intervals P2 
(such as 60 minutes). In the present invention, it is judged that the vehicle does 
not move, i.e., is in a stopping state in step S10, the tire internal pressure 
information signal of the format shown in FIG. 4A is transmitted by N pieces (N 
is a natural number of 2 or larger) at regular intervals P3. In this embodiment, 
the interval P3 is determined based on an average electric field strength of the 
tire internal-pressure information signal, thereby restricting the average electric 
field strength of the signals. 

[0035] FIG. 4D shows an operating situation of the receiving side module 31 
when the main switch of the vehicle is off. Note that while the main switch of 
the vehicle is on, the receiving side module 31 is always in an operating state. 
Thus, the start bit included in the tire internal pressure information signal from 
the transmitting side module 11 can be received so that the tire internal pressure 
data following it can be fetched no matter what timing the tire internal pressure 
information signal is transmitted at. However, if the signal of the same format 
as the above one is transmitted even when the main switch of the vehicle is off, 
the tire internal pressure following the start bit can be certainly fetched only 
when the start bit is fortunately being transmitted from the transmitting side 
module 11 during operation of the receiving side module 31, and otherwise, the 
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start bit cannot be received and the tire internal pressure data cannot be fetched. 
[0036] Thus, in the present invention, when it is judged that the second 
timing signal exists and the vehicle does not move, the receiving side module 31 
is operated intermittently at intervals P4 each of which is shorter than the 
transmitting period of (N-l) pieces of tire internal-pressure information signals 
such that the duration T2 for operation of the receiving side module 31 is made 
longer than the interval P3. As a result, the receiving side module 31 is 
necessarily brought into an operating state at some timing in the first time period 
Tr for transmission of the start bit, so that the start bit transmitted from the 
transmitting side module 11 can be assuredly captured. This allows the tire 
internal pressure data following the start bit, to be assuredly fetched. In this 
way, the receiving side module 31 is driven intermittently while the main switch 
of the vehicle is off, thereby allowing a reduced electric power consumption, a 
reduced load on an in-vehicle battery, and reliable receipt of the tire internal- 
pressure data representing abnormalities of the tire internal-pressure. 
[0037] That is, the duration T2, interval P3, interval P4 and the number N of 
times of transmission of the tire internal-pressure information signal have the 
following relationships among them: 

T1<T2-(1), and 

P4<P3x(N-l)-(2) 

[0038] Here, assuming that Tl=10 ms, T2=110 ms, P3=100 ms, P4=990 ms, 
and N=ll, the power consumption of the receiving-side module 31 becomes 
T2/P4= 110/990=11.1 % as compared with a situation where the receiving side 
module 31 is constantly kept ON during stoppage of the vehicle. 
[0039] The present invention is not limited to the above embodiment, and 
various changes and modifications are possible. For example, although the 
interval of the timing signal for the transmitting side module is set at 10 seconds, 
this interval may be arbitrarily set. Further, although the tire internal-pressure 
information to be obtained on the basis of the first timing signal during running 
of vehicle has been transmitted at intervals of 1 minute in the above embodiment, 
this interval is arbitrary and the tire internal-pressure information may be 
transmitted at the same intervals as those for the first timing signals. 
[0040] Further, as the tire rotational movement detecting means, it is possible 
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to use another type of sensor such as a vehicular speed sensor in addition to the 
centrifugal force sensor, while the duration T2, interval P3, interval P4 and the 
number N of times of transmission of the tire internal-pressure information signal 
may be set at arbitrary values insofar as satisfying the conditions of the equations 
(1) and (2). Particularly, the intervals P3 upon transmitting the N pieces of tire 
internal-pressure information signals are not required to be all the same, and may 
be set differently from each other. In the latter case, the duration T2 is required 
to be longer than the longest one of the different intervals P3. 
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